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Abstract

We present our studies of the low frequency excess electrical noise in
YBayCu307.g thin films in the normal state. We have studied films with varying
microstructure deposited on different substrates. The frequency dependence and bias
current dependence of the noise power spectral density agree with the behavior
expected for noise due to conductance fluctuations. Comparison between films on
different substrates shows that the presence of defects such as grain boundaries in
the film correlate with significantly enhanced noise levels . The noise levels in our
good quality epitaxial films are several orders of magnitude lower than the

anomalously large noise magmitudes reported for YBapCu30O7.§ in most of the

earlier studies.



Over the past few years, several studies [ 1-4] have pointed out that the high
T superconducting (HTS) materials exhibit anomalously large magnitudes of excess
electrical noise both in the normal state and in the transition region.The enhanced noise
levels have been observed in ceramic materials, single crystals and in thin films. However,
there has been no consensus on the intrinsic magnitude of the noise since the noise levels
have often been found to be highly sample dependent. Some of the more recent studies on
epitaxial thin films have reported evidence of the influence of the substrate lattice match [5]
and the oxygen content [6] on the magnitude of the excess noise in the normal state.

The above scenario suggests that systematic studies are needed to
characterize the excess noise levels in the HTS systems . Information on the correlation of
microstructure and the noise characteristics is important for optimizing the material
microstructure for technological applications. To this end, we have studied the behavior of
the excess electrical noise in the normal state of YBapCu30O7_.5 (YBCO) thin films on
different substrates.

We have studied YBCO films on three different substrates : (i) (100) oriented
LaAlO3 (ii) R- plane Sapphire with a buffer layer of (100) CeO; (iii) polycrystalline Yttria
Stabilized Zirconia ( Poly YSZ) . (100) LaAlOg3 is well lattice-matched with YBCO
(mismatch ~ 1.8% ) and its thermal expansion coefficient (~1x10-3 /K ) is close to
that of YBCO (1.2x10°5 /K). The lattice mismatch of YBCO with the CeOy bufferon
the R-plane Sapphire is ~0.8 % ; however there is significant mismatch between the
thermal expansion coefficients of YBCO and Sapphire ( 5x10-3/K) which is expected to
result in tensile stresses in the film. In the case of YBCO films on polycrystalline YSZ,
there is no in-plane alignment due to the polycrystalline nature of the substrates. Thermal
expansion mismatch is not of much relevance in this case since the polycrystalline nature of
the film allows the strains to be relieved through structural defects such as grain boundaries.

The thin film samples were prepared by pulsed laser deposition (PLD)



under standard preparation conditions for YBCO films [7]. Structural analysis of the films
was carried out using a four circle X-Ray diffractometer .©-20 scans indicate that the films
are single phase and c-axis oriented. Rocking angle analysis of the (005) peak ( to evaluate
the degree of texturing) indicate FWHM ~ 0.3° for the films on (100) LaAlO3 . The films
on R-plane Sapphire and those on poly YSZ have FWHM ~ 0.5 ° and ~ 0.6° respectively
indicating larger c-axis misalignments compared to the films on (100) LaAlO3. @ scan
analysis of the (103) peaks of YBCO presented in Fig.(1) show that for the films on (100)
LaAlO3 and R-plane sapphire the a,b axes of the film are aligned with the a,b axes of the
LaAlO3 and the CeO5 respectively . In contrast, the @ scans for the films on poly YSZ

show no peaks above the broad background indicating no in-plane alignment as expected.

The films ( 2000 A thick) on the different substrates were characterized for
their structural and electrical transport characteristics . Micro bridges 20 - 80 pum wide and
500 -800um long were patterned by photolithography. All the films had T, ~90 K. The
critical current density ( J.) at 77K was greater than 106 A / cm2 for the films on (100)
LaAlO3 and R-plane sapphire and ~105A /cm? for the films on poly YSZ. The reduction
in the J. in the latter case has been established to be due to the weak link effects associated
with the grain- boundaries [8].

To measure the low frequency noise, a DC bias current from a battery
operated current source was passed through the sample with a large (~1000 times the sample
resistance ) ballast resistance in series. The sample voltage was capacitively filtered and
transformer-coupled to a low noise amplifier and fed to a dynamic signal analyzer for
Fourier transform analysis. The input noise floor level of the measurement system was ~8
nV / Hz . The measured noise level in the superconducting state of the samples (when
biased below the critical currents) is below this background which we infer as the upper
limit to possible contributions due to noise assoiciated with contact resistances . In order to
identify possible contributions due to current source, thermal drift etc. we mesaure the nois

in low noise metal film resistors under identical conditions as our samples. We find no



noise above the background in such samples which rules out contributions from these
extrinsic sources above the background level.
We observe frequency dependent excess noise in all the films down to

90 K. The spectral density of the excess noise voltage (Sv!%2) is linear in the bias current .
The frequency dependence in the 1-100 Hz range shows a 1/ f* dependence of the noise
power spectral density, a being in the range of 1-1.3 characteristic of the noise associated
with the conductance fluctuations similar to that observed in conventional metals. To
parametrize the observed noise,we have used Hooge's empirical relation for conductance
fluctuations given by

Sy / VD2 = ¥/ (nexvolsf%) i (1)
where Vp is the DC voltage across the sample, n¢ is the volume density of charge
carriers in the sample , f is the frequency and y represents the strength of the noise sources.
In conventional metals the values of y are in the range ~ 10-3-10 -4 [ 9]. We would like.
to emphasize here that Hooge's formula is empirical and does not imply any universal
characteristics of the noise spectrum or its origin. We use it here only to present the data in a
normalized way to facilitate comparison of the noise magnitudes in the different samples.

In Fig. (2) we show S,/ VDC2 as a function of temperature . The
frequency span of these measurements cover the range 1-100 Hz. The data presented is for
f=11 Hz with a bias current density ~ 3 x 104 A/cm?2. In the case of YBCO /LaAlO3

and YBCO/ Poly YSZ Sy / VDC2 decreases with decreasing temperature . This

temperature dependence is similar to that observed for YBCO on (100) MgO [ 5] .

However, the data for YBCO / Sapphire shows a qualitatively different temperature

dependence where Sy / VDC2 increases with decreasing temperature. From the above
data, Y(T) cannot be determined unambiguously since the charge carrier density nc(T) is
not a well determined quantity for YBCO. However, using Y/ nc we can compare the

relative strength of the noise sources and the temperature dependences. To facilitate such a

comparison , in Fig.3 we replot the data on a logarithmic scale showing Y/nc = Sy* f*



Volume / VDC2 ) as a function of temperature for the three cases. Itis clear that Y/ n for
the polycrystalline YBCO films is nearly 5 orders of magnitude larger than that of the
epitaxial films on (100) LaAlO3 while the noise level of films on CeO9 buffered Sapphire
are intermediate . From the above data we have evaluated 7y at room temperature, using
n¢ ~ 5.7x1021 / cm3 [ 6] . In Table 1 we present the value of 7y calculated from our data
along with the relevant sample characteristics. The value of ¥ (=.05) for YBCO/LaAlO3
is nearly an order of magnitude larger than the ¥Y(= 5x10-3) reported for
YBCO / S1TiO3 [ 5]. The higher noise level in YBCO / LaAlO3 may be related to the
presence of substrate twin boundaries which propagate into the film. It is important to note
that the 7y values obtained for our YBCO/ LaAlO3 films ( and those for the YBCO / SrTiO3
films in ref.5 ) are much lower than the ¥ values (104 - 105) reported earlier for bulk
ceramics, single crystals as well as thin films of YBCO [1,2] . We obtain vy~ 1.0 for YBCO
films on  Sapphire while y~ 2x104 for the films on polycrystalline YSZ. The enhancement
of y by 5 orders of magnitude in the polycrystalline films compared to the nearly single
crystalline films on (100) LaAlO3 clearly attests to the contribution of grain boundaries to
the conductance fluctuations . Intergrain transport involving tunneling or hopping
conduction has been suggested to be a source of conductance fluctuations associated with
the trapping or detrapping of carriers by semiconducting or insulating regions at grain
boundaries [10]

The temperature dependence of Sy/V2may be understood in terms of the
thermal activation of the defect fluctuations . In the framework of the Dutta-Hormn model
[9], the temperature dependence relates to the energy distribution D(E) of the fluctuating
states. The temperature depedence seen in YBCO / SrTiO3 has been shown to be indicative
of a peak in D(E) centered around 1 eV while in the case of YBCO / MgO this peak is seen
to be considerably broadened [5]. The temperature dependence seen in our experiments for
YBCO /LaAlO3 and YBCO / Poly YSZ suggests a relatively broad spectrum of activation

energies as seen in the case of YBCO/ MgO . At present we are not clear about the origin of



the apparent peak at ~ 250K in the polycrystalline sample which ( if intrinsic )may be
associated with low energy modes of fluctuations. The temperature dependence observed in
YBCO/ Sapphire shows a striking difference, the noise levels increasing with decreasing
temperature. In the light of the above analysis, this would suggest a broad peak in the
energy distribution centered at a much lower temperature close to 100 K, implying reduced
activation energy of such fluctuations . It may be noted here that though the films on
Sapphire have good lattice match with the CeO5 buffer layer, the significant mismatch in the
thermal expansion coefficients between the substrate and the film is expected to result in
tensile stresses in the film. The presence of such stresses could lower the activation
energies causing the peak to shift to lower temperatures. It is of interest to investigate the
influence of this anomaly on the noise in the transition range since Sapphire is a preferred
substrate for bolometers and related detector applications. on account of its thermal
properties. We are currently pursuing this study.

It is clear from the above results that the microstructure plays an important
role in determining the excess noise levels in the normal state. Grain-boundaries when
present could be a dominant source of excess noise as indicated by the enhanced noise
levels in the films on polycrystalline YSZ. Overall, the noise levels in our epitaxial films
with good superconducting properties are several orders of magnitude lower than the values
reported in some of the earlier studies in single crystals and thin films of YBCO. Based on
these results, we suggest that the anomalously large and often sample dependent low
frequency noise often observed in the normal state of HTS materials may have a
significant contribution from microstructural defects such as grain boundaries . In the case
of thin films , the stresses in the film associated with lattice mismatch or thermal expansion
may also lead to enhanced noise levels.
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Figure Captions

Fig.1
@ scans of the (103) peak of YBCO : (a) YBCO/ Poly YSZ (b) YBCO / CeO7 / Sapphire
(c) YBCO/(100) LaAlO3

Fig.2
Normalized noise power spectral density Sy / VDC2 as a function of temperature in the normal

state (a) YBCO/ Poly YSZ (b) YBCO / CeO / Sapphire (c) YBCO / (100) LaAlO3

Fig.3
Comparison of the normalized noise power spectral density Sy * f* volume / Vpc2 for YBCO

films ; (a) YBCO/ Poly YSZ (b) YBCO / CeO2 / Sapphire (c) YBCO /(100) LaAlO3
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